OPTICAL RECORDING MEDIUM AND OPTICAL RECORDING METHOD 

Background of the Invention 

1. Field of the Invention 

5 This invention relates to application of chemically 

synthesized nanoparticles of a metal chalcogenide as a 
photoresponsive recording material of optical recording media 
represented by optical disks. The terminology "nanoparticles" 
as used herein refers to ultraf ine particles whose average particle 
10 size ranges from 1 nm to 20 nm. 

□ 2. Description of the Related Art 

^ Optical recording materials have been gaining in density 

2 and sensitivity. Laser light having a wavelength of 600 nm or 
U longer has been employed for optical recording and reproduction, 
IS and optical recording media have conventionally been designed 
U toexhibit their optimalperformance within this wavelength region. 
5 It is well known that reduction of light wavelength to one-nth 
m brings an information recording density multiplied by n 2 . 
2 Therefore it has been keenly demanded to realize high-density 
~Yo recording with a short wave length laser of about 400 nm. According" 
as the wavelength is shortened for a higher recording density, 
the demands for further increases in density and sensitivity 
of recording media have been increasing. In the light of these 
circumstances, it is an object of the present invention to provide 
25 a recording material of ultrahigh-density optical recording media 



- 1 - 



fit for recording and reproducing with a short wavelength laser 
beam of 600 run or less. 

Relevant technologies using ultrafine particles that 
have hitherto been disclosed include use of ultrafine particles 
5 of semiconductors, such as Ga or Si , having a particle size 
distribution which are formed by sputtering (see JP-A-5-62239) . 
This technique aims at multiple-wavelength recording by making 
use of difference in quantum size effect of ultrafine particles 
having different sizes in order to improve recording density 
10 without relying on reduction of laser wavelength or increase 
p of numerical aperture (NA) . It is therefore fundamentally 
S different from the present invention which takes advantage of 
^ total phase change of nanoparticles of uniform size in an energy 

W irradiated area. 

jp-a-10-261244 discloses an optical recording medium 
L comprising a substrate having a fine uneven pattern on its surface 
2 and a recording layer formed on the patterned substrate by 
m sputtering, in which the recording layer comprises a chalcogen 
% compound having dispersed therein fine metal particles or fine 
— nob ie metal particles or the recording layer comprises a dielectric 
material having dispersed therein composite fine particles of 
a noble metal and a chalcogen compound. Involving the step for 
forming a fine pattern, the technique requires a complicated 
production process and has poor practicability. 
25 Besides, thin film formation by sputtering, while having 
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the merits of a dry process and allowing freedomof film composition 
designing, meets difficulties in controlling the particle size, 
particle size distribution and structure of the formed particles 
and dispersing the particles in a binder or a dielectric medium 
as compared with the particles formed by a colloid process. 
Such difficulties lead to difficulty in improving 
distinguishability between recorded areas and non- re corded areas, 
down-sizing of the recordable area, and stability of the recording 
material. 

A technique of forming magnetic nanocrystals of a metal, 
Q an intermetallic compound or an alloy by a reduction process 
| is taught in JP-A-12-54012, which is not relevant to the present 
| invention contemplating preparation of a metal chalcogenide. 
W A thin film of a material included under the scope of 

W the present invention can be formed by CVD as well as sputtering 
p and reduction as noted above. For example, formation of an AgInTe 2 
2 thin film by CVD is disclosed in JP-A-3-82593 . However, the 
S proposed process requires a substrate to be kept at or above 
S 100°C . Such a high temperature is hardly applicable to a substrate 
20 of polymers such as polycarbonate resins. It is an adartTBHaT 
problem that the film formation by CVD takes times. 

The concept that a heat-resistant matrix having an 
ultrafine particulate substance dispersed therein could be an 
optical recording layer appeared in Japanese Patent 2908826, 
25 but the Patent has no mention of a specific process of making 
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such a recording layer. Such a film structure has generally 
been made by a process comprising injecting a recording material 
into a heat-resistant matrix in a supersaturated state by 
sputtering and causing the injected material to precipitate by, 

5 for example, annealing. There is no 1 i t*rature teaching a process 
in which a recording material is made dispersible as a colloid 
by modifying the surface of ultrafine particles of the material. 
The Patent also refers to a wet process (a sol-gel process), 
but the description without specific teaching would be no more 

10 than general. 

„ jp-a-3-231890 proposes firing after spraying or spin 

I coating to make a recording layer comprising an InCuSe 2 alloy, 
| which cannot be seen as practical in view of accuracy in production 
W and heat resistance of a substrate. 
^ Summary of the Invention 

'„ Accordingly, an object of the present invention is to 

J provide an optical recording medium which is capable of recording, 
| reproducing or erasing information with a laser beam of 600 nm 
° or shorter wavelength thereby to achieve a high density and which 
20 has a recording layer formed by applying colloidal nanoparticles" 
by spin coating or web coating and thereby accomplishing an 
increased density and an heightened sensitivity. 

The above object of the invention is achieved by the 
following means. 

25 (1) An optical recording medium having a recording layer 
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containing, as a photoresponsive material, metal chalcogenide 
nanoparticles having an average particle size of 1 to 20 nm and 
having the surface thereof modified with an adsorbable compound. 
The recording layer undergoes phase change to change its optical 
5 constant, e.g., a reflectance, on being irradiated. 

(2) The optical recording medium according to (1), wherein 

the recording layer is a layer formed by applying a colloidal 
dispersion of the metal chalcogenide nanoparticles that are 
prepared by chemical synthesis. 
10 o) The optical recording medium according to (1) or (2), 

t-t wherein the metal chalcogenide nanoparticles comprise (A) at 
fl least one element selected from the elements of the groups 8, 
^ IB and 2B and the 4th to 6th periods of the groups 3B, 4B and 
2 5B in the Periodic Table and (B) at least one element selected 
l|J from the elements of the group 6B in the Periodic Table. 
L (4) The optical recording medium according to (1) to (3), 

ft wherein the colloidal dispersion is prepared by the steps of: 
S (i ) mixing a precursor solution containing at least one 

Q element selected from the elements of the groups 8, IB and 2B 
and the 4th to 6th periods of the groups 3B, 4B and 5B of the" 
Periodic Table and a precursor solution containing at least one 
element selected from the group 6B elements in a high-boiling 
organic solvent at 100 to 360*C in an inert gas atmosphere to 
cause the precursors to react with each other to form nanoparticles, 
25 (ii) adding a f locculant to the reaction mixture obtained 
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in step \l) to flocculate (aggregate) and precipitate the 
nanoparticles and separating the flocculate (aggregate) from 

the supernatant liquor, 

(iii) re-dispersing the flocculate collected in step 

5 (2) in an organic solvent, and 

(iv) repeating preci P itation-f lobulation and 
re-dispersion to remove precursor- forming organic matter and 
the high-boiling organic solvent while holding the high-boiling 
organic solvent molecule adsorbed to the nanoparticles to such 

L0 an extent that the flocculate of the nanoparticles may be 
^ re-dispersed in an organic solvent. 

1 {5 ) The optical recording medium according to (1) to (4), 

5 wherein the nanoparticles are crystalline. 

fi (6) The optical recording medium according to (1) to (5), 

| which comprises a substrate having thereon a first dielectric 
h protective layer, the recording layer, and a second dielectrxc 
i protective layer in this order. 

I (7) The optical recording medium according to (1) to (6), 
I which is of rewritable type capable of recording, reprodu cing 
20 and erasing information through changes in reflectance of the 
recording layer, which are made by irradiating the nanoparticles 
with first light energy to make them amorphous (in an amorphous 
state) and irradiating with second light energy that is smaller 
than the first light energy to make them crystalline (in a 
25 crystalline state) . 
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(8) The optical recording medium according to (1)/ which 
is of write once type capable of recording information through 
a change in reflectance of the recording layer which is made 
by an irreversible phase change caused in the nanoparticles and/or 

5 the vicinities thereof by giving light energy. 

(9) A method of optical recording comprising irradiating 
the optical recording medium according to (1) with a semiconductor 
laser beam having an oscillation wavelength ranging from 200 
to 600 nm. 

10 Detailed Description of the Invention 

The nanoparticles which can be used in the invention 
3 have an average particle size of 1 to 20 nm, preferably 1 to 
sj 10 nm, still preferably 1 to 5 nm. Particles greater than 20 nm 
have an increased melting point to be slow in phase change, 

15^ The lower limit of the particle size is selected according to 
= the practical performance requirements such as weatherability- 
g! It is preferred that thenanoparticlesbemono-dispersedparticles 
y for securing distinguishability between recorded areas and 
Q non-recorded areas. The "mono-dispersed" particles preferably 

20 fravs~a~pa~rtrcl^ 

of 30% or smaller, still preferably 20% or smaller, particularly 
preferably 10% or less. 

In order to obtain the recording layer of the invention 
which comprises a nanoparticle dispersion, it is important to 
25 modify the surface of the nanoparticles with an adsorbable compound* 
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The term "adsorbable compound" as used herein denotes a compound 
having a group capable of being adsorbed. Effective adsorbable 
compounds include alkylphosphine oxides, alkylphosphines, and 
compounds containing -SB, -CH, -NH„ -SO.OH, -SOOH, -OPO(OH) 2 
5 or -COOH, with alkylphoephino oxidco and -SH-containing compounds 
being preferred. The alkyl group in the alkylphosphine oxides 
and alkylphosphine* is preferably a trioctyl group or a tributyl 
group . A thin film formed by aggregation of such surface-modified 
(i.e., dispersed) fine particles can never be obtained by 
10 sputtering or vacuum deposition techniques. 
□ The nanoparticle colloid is applied to a substrate by 

I spin coating or web coating. Compared with dry processes, such 
% wet coating realizes reduction in initial investment andproduction 
cost. 

£ The metal chalcogenides which can be used in the present 

k invention comprise (A) at least one element selected from the 
1 group consisting of the elements of the groups 8, IB and 2B and 
8 the elements of the 4th to 6th periods of the groups 3B, 4B and 
U 5B and (B) at least one element selected from the group 6B elements . 
~^ Examples of the metal chalcogenides are GeSbTe, aginSBTSTnSBWr- 
Ag 2 Te, AgInTe 2 , AgSbTe 2 , CuInSe 2 , CuInTe 2 , AgSbTe, InSbTe, GeTeS, 
Geses, Gesesb, GeAsSe, InTe, SeTe, SeAs, GeTeAu, GeTeSeSb, GeTeSnAu, 
GeTePb, and GeTeSbS. In particular, GeSbTe, AglnSbTe, GeTe, 
Ag 2 Te, AglnTea, AgSbTe 2 , CuInSe 2 or CuinTe 2 is preferred. While 
25 the atomic ratios in the above chemical formulae are represented 
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by integers, they may be deviated from integer ratios so as to 
modify the recording characteristics, preservability, strength, 

and the like as desired. 

The metal chalcogenide nanoparticles can be synthesized 
5 by adding precuraor solutions separating containing the element 
(A) and the element (B) (i.e., a chalcogen) in the formof ultraf ine 
particles of a simple substance or its salt in an alkylphosphine, 
■ etc. to a high-boiling organic solvent, such as an alkylphosphine 
oxide, and allowing the precursors to react at a temperature 
10 ranging from 100°C to 3S0°C. The term "precursor" as used herein 
□ means a reactive substance containing the element which is 
| necessary to form the metal chalcogenide. In the reaction, a 
\ precursor containing the element (s) (a) and a precursor containing 

W the element (s) (B) are used, 
ujj The terminology "precursor-forming organic matter" as 

h used herein indicates organic substances used to form the 
J precursors, such as organic solvents. 

5 The alkylphosphine includes symmetric tertiary 

B phosphines, such as tributylphosphine, trioctylphosphine, and 
20 triphenylphosphine; asymmetric phosphines, such as 

dimethylbutylphosphine and dime thyloctylphosphine; and mixtures 
thereof. Preferred of them are tributylphosphine (TBP) and 
trioctylphosphine (TOP) . These alkylphosphines may have 
appropriate functional groups (of which the examples are those 
25 described below with respect to hydrocarbons solvents) . 
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Th e h igh- b oiUng organic solvents incXude al*ylphos P hine 

stI a 1Jk ,c— — <us r iy a r::i: 

. , f luorocarbons having a functional group 
8 to 22 carbon atoms) or fluorocar 

-v. e „ r fare of the nanoparticles 
mndifvinq the surrace ox v, ^ 

sn, ooo, -*,«»,. -cooh,. — 

ethe, didodecyX ether, PhenyX ether, and n-octyX ether are aXso 
preferably used, the aXxylphosphine oxides incXude 
trihutyXphosphine oxide, trioctyXphosphine oxide ,T0 P 0, . and 
alb utyXo=tyXphosphine oxide, with tore heing the most preferred^ 
^reactionbetweenthesolutionofaprecursorcontarnrng 

D the eXement.s, W and the solution of a precursor containing 

I ch eeXeme»t<s, ( B> in the a b ove- S peci £ ied t^e„tu,e ,an g e (X00 

3 to is preferahiy carried out in an inert gas atmosphere. 

3 The totax nu^er o £ aoXes o* «- element. ,», is preferahXv 

J „.001% to ..... still preferahly 0.005, to 0.2,. hased on the 

U „eight or the high-hoiXing organic solvent, If the reaction 

I temperature is lower than 100., or if the element <B, —tration 

5 is Xower than 0.001%. the reaction has a very Xow rate rn partrcXe 

P ,.„,!« to fail to form nanoparticles. At higher 

u «oggaa-tion-Or tends to ran- ^_ 

20 temperatures or in higher concentrations, coarse partic Xes end 
to he formed, or the formed particies tend to aggregate. resuXting 

nn a failure to re-disperse. 

Ih e nanoparticXes thus formed in the reaction mixture 
*re precipitated and fixated hy addition of a .XoccuXant. 
25 Methanol or ethanoX is usuaxly added as a fXoccuXant. 
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sup er»atant liguor is by decantation, - - -suiting 

hyd rocar b on "> . The surface modifier for the 

Loparticles can he added to the P-P—on W t- *» ^ - 

It is preferred that the nanoparticles be crystalline. 
In most cases, the above-described paction system provides 
rine crystals. «!- is of extreme significance for 

„ mo Hia as is recognized from the fact that 

0 of optical recording media, as is r 

H «i recording material which is 
« jp-a-8-221814 proposes an optical recording 

1 f ormed into a film by sputtering an, calls for - initialisation 
Crystallization,. Wnere the nanoparticles obtained have 

5 insufficient crystallinity, they can he initiate* with a bul* 
xC laser as is well known in the art ^ 
The optical recording medium of the invent o 
1 of rewrite typepreferably comprises a substrate having thereon 
S . fi rst dielectric protective layer, the recording layer, and 
5 a .^^ ctr^cUv^ yer in this order, according 

. . . _ a protective 



20 



25 



t o necessity, it can have a refiective iayer and a Pro *cti * 
lay er. Where the recording medium is of the type in which a 
„rite beam or a read beam is incident upon the substrate side 
it is preferred to provide on *. substrate the first dielectric 
p rotective iayer. the recording iayer, the second dieiec trie 
protective layer, the reflective iayer. and the protective layer 



- 11 " 



in t he order described. - intermediate layer may be P-ided 
between the substrate an. the «l»t dielectric iayer, between 
the dielectric layer and the »««*n. ^er, »™ ■~" d 
dielectric layer and the reflective layer, or between the 
5 „ £lcrtl « layer - th. protective 1— " 
medium is of the type in which a write beam and a read beam are 
incident on the side opposite to the substrate, it is P r, » erred 
„ provide on the substrate the reflective layer, the first 
dielectric protective layer, the records layer, the second 

0 dielectric protective layer, and the protective layer in the 
'= order described, fiji intermediate layer may be provided between 

1 th e substrate and the reflective layer, between the reflective 
1 laV er and the first dielectric layer, between tbe dielectric 

I lsy er and the recording layer, or between the second dielectric 
l£ layer and the protective layer, xhe int mediate layer may be 
U provided in one or more of the above-described positions. 

m cH h,Hna the recording medium may have a 

% of the layers constituting tne 

3i multilayer structure. 

-Hh-il-e-re-1-ated-to-the-par.ti cle size of the ultrafine 



2 0 particles, the thinness of the recording layer can ran,e from 
5 to 300 nm. usually from 5 to 2 00 - preferably fro, 5 to 100 nm. 
still preferably from 5 to SO ». «>e recordin, layer can contain 
„on-decomposin g organic binders, such as f luorine-containin, 
polymers or silicone polymers, or nanoparticles of die ectrrc 
25 substances, such as snS, Slo, and TiC, to improve the physical 
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strengthordurabilitytorepetiticnofrecordingandreproduction. 

The dielectric protective layer comprises at least one 
dielectric, such as ZnS, Si0 2 , TiO z , Al 2 0 3 , AlN, SiC, silicon 
nitride, MgF 2 , CaF 2 , LiF 2 , SiO, 8i*„ ™, MgO, CeO, SiC, ZrO, 
5 Zr c 2 . Kb,*,, SnO,, !n 2 0 3 , TiN, BN, ZrN, In 2 S3, To8„ XaC, B,C, WC, 
TiC, andZrC. ZnS, Si0 2 , Ti0 2 , A1 2 0 3 , AlN, SiC, silicon nitride, 
MgF 2 , CaF 2 , LiF 2 , SiO, and Si 3 N< are still preferred dielectrics. 
A mixture of ZnS and Si0 2 is the most preferred. The first and 
the second dielectric protective layers each preferably have 
L0 a thickness of 10 to 200 nm. W*ere a write be*m and a read beam 
areincidentonthesubstrateside, the first dielectric protective 
1 layer and the second dielectric protective layer preferably have 
" a thickness of 30 to 150 rua and 10 to 100 am, respectively. 
S where a write beam and a read beam are incident on the opposite 
l£ side, the first dielectric protective layer and the second 
U dielectric protective layer preferably have a thickness of 10 
§ to 100 nm and 30 to 150 nm, respectively. 

| The reflective layer canbe made of a singlemetal substance 

5 win g a high reflectance, such as Au, Ag, Al, Ft or cu, or an 
20 alloy comprising one or more of these metals. Ag, Al or an Ag- 
or Al-based alloy are preferred. The thickness of the reflective 
layer is preferably 30 to 300 nm, still preferably 50 to 200 nm. 
The material used to form the reflective layer or the dielectrxc 
iayers can also be formed into a nanoparticle colloid dispersion, 
25 which is applied by coating. 
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Ih e erosive l.yr which is P-ided <» 
layet is »ade of i-r^ substances, such as Sic. Sic M*„ 

, a. Si*, or organic — S , such as thermoplasti 
£ es ns, then„oset t in,resins, andultraviolet lD v, ™ ™ 
s preferably — - — — * P— layer -n 
Le d between - recording layer - the reflective 

The proactive layer can be forced by superposing a fil», 

for e^le. an extruded <»~ « °» 

^or the substrate via an adhesive layer or by applyin, 

material by, for exaaple, vacuum evaporation, 

10 protective material «y/ 

„ U« °- <— • - ttsing a — iastic resin t or ti „ 

1 thermosetting resin a, a protective serial, the protect ~ 
« lay er can also be formed by applyin, a resin solut.on in an 
S rooriate solvent fcUowed by drying to remove the solvent. 
J " a ovlri. resin, it is applied as such or as dissolved 
"an appropriate solvent followed by OV irradiation - form 
*^ . mr . if desired, the coating 

E a cured resin protectee layer. If desi , dditiTOS 
S co^sition £ ortheprotectivelayer M ycon t ainvariou S addit^ 

5 such M a ^-stat-ie-a^ts.-an tioxidants and W absorbers, where 

£>U<-11 Aide. 



.. a write bee. and a read bee. are incident on the substrate side, 
hTprotective layer preferably has a thicks 
alcularly 1 to 50 urn. especially , to 2 0 urn. Where t*e e» 
Le incident on the opposite side, the protective layer pre ^ 
.asathl^essoil^OO urn, particularly 10 to 2 00 ^.especially 

25 50 to 150 \an. 
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R pair of the thus obtained recording dis*s composed 
o£ the substrate havin, thereon the records layer .nd the 
Electric layers and, if desired, the reflective layer, the 
protective layer, etc. can he joined toother via an adhere 
, 1. withthcir records l»ye~ ***** - *~ 

mediumhavin, two recording layers, -ther, the 
records dis* can be ^ined with a protective dis* of the ^ 
slI e via an adhesive, etc. with the recording layer rns.de to 
P repare an optical recording dis* bavin, a records layer o„ 
l0 one side thereof . The .oinin, can he effected with a UV-cnrin, 
I sin useful as the protective iayer or any synthetic adhesive, 
f \ double-sided adhesive tape is also effective. T he adhesive 
1 layer usually has . thinness of 0.1 to 100 urn, preferably 

J " 90 ^The optical records medium according to the invention 

I ls also useful as a write once type opticaUy recording medium 

S any structure of conventional write once records »edia can 

1 b e adopted, in which the nanoparticles .of the invention are used 

£ la Mm M oo rdlng l ty»- — ^ — 

It is convenient for information management to label 

an optical recordin, medium with titles or designs indlcatino 
the contents of the recorded Information. Por this the side 

f the records medium opposite to the beam-incident side should 
hav e a surface suited to such lahelind. X. recent years, in, 
26 jetprlntersarecom.onlyusedforprintin^abeU. Whenasurface 
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o£ an optical recording i. to be printed with an in, ,.t 

printer, the surface I- to be hydrophilic because agueous 

ink Is use, in in, ,* prU.fr.. Generally having a hydrophobe 
sur £ ace, the surface of optica! record to be printed 

t e . infc-receptive. Various proposal have been »ade as 
optica! records uedia with a hydrophilic printable surface 

„ „ i„ jMk-7-1 69700 and JP-A-10-162438 . 
layer as disclosed, e.g., in » 

such . hydrophilic surface layer can be provided on the opt^al 

0 r ecording,ediu,o £ theinvention. 

^ n that the hydrophilic surface layer is fo«ed of a layer co^sm 

1 a W-curing resin as a binder having dispersed therein paroles 
N 0( nydrophilic organic pollers, such as protein particles. 
W according to the present invention, high-density 

it recording can be accomplished by using a laser bea» having a 
W wavelength selected fro* a range of ZOO „ to 600 W , pref rahly 
1 . wavelength of 500 -« shorter, particularly preferably* *> - 
S orshorter. Th atis. ablue-purplelaserandalaserbea^odula ed 
-a-^rt^wcond-ha^on-ic-gener.ati. on ,SH G1 ele-aent to have shorter 
20 wavelengths can be used £ or writing and reading. 

* oe present invention will now be illustrated in greater 
detail with Terence to Espies, but it should be understood 
that the invention is not construed as being Xi-lt- thereto. 

EXAMPLE 1 

25 Preparation of Ag*Te nanoparticle colloid: 



- 16 - 



Te was dissolved in TOP to prepare a 1M solution 
(hereinafter Te-TOP) . AgCl was dissolved in purified TOP to 
prepare a 1M solution (hereinafter Ag-TOP) . In an inert gas 
atmosphere 100 g of TOPO was melted by heating at 14 0°C, and 
5 20 cc of Ag-TOP and 10 cc of Tc-TOP wore added thereto while 
vigorously stirring (mole number of Te/weight of TOPO=0.01%). 
The reaction was continued for 20 minutes with vigorous stirring. 
The resulting nanoparticles had an average particle size of 
8 on, and the coefficient of size variation was as astonishingly 
10 small as 5%. One liter of methanol was added to the reaction 
n mixture to flocculate the particles, which were collected and 
5 re-dispersed in 100 cc of toluene. Flocculation and 
3 re-dispersionwere repeated several times to complete purification. 
W After drying, the particles were dispersed in n-hexane to prepare 
lJH a 0.5 g/cc dispersion (hereinafter C-la) . 
L When the above-described procedures were repeated, except 

S that the Te mole number/TOPO weight ratio was less than 0.001% 
S or the reaction mixture was lower than 100°C, nanoparticles were 

S not substantially formed. 

20 when the above-described procedures were repeated, except 

for changing the reaction conditions to 190°C and 40 minutes, 
a colloidal dispersion having an average particle size of 15 nm 
with a coefficient of size variation of 10% (hereinafter C-lb) . 
When the above-described procedures were followed, except for 
25 changing the reaction conditions to 240°C and 60 minutes, there 
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was obtained a colloidal dispersion having an average particle 
size of 30 nm with a coefficient of size variation of 20% 

(hereinafter Olc) . 

It was confirmed that all the nanoparticles obtained 
5 above had TOPO adsorbed on the surface thereof from the fact 
that there were a given interval among the particles as observed 
under a high-resolving power TEM and also through chemical 
analyses . 

EXAMPLE 2 

10 Preparation of AglnTea nanoparticle colloid: 

lnCl 9 was dissolved in TOP to prepare a 1M solution 
1 (hereinafter In-TOP) . In an inert gas atmosphere 100 g of TOPO 
1 was melted by heating at 150'C, and 67 cc of In-TOP and 100 cc 
y of Te -TOP were added thereto while vigorously stirring. The 

l£ vigorous stirring was further continued for about 1 hour. Then 
U 67 cc of AG-TOP and 34 cc of Te-TOP were added/ followed by stirring 
| for about 10 minutes (total Te mole/weight of TOPO=0. 13%). The 
| resulting nanoparticles had an average particle size of 6 nm 
£ with a variation coefficient of 7%. The particles were purified 

20 in the same manner as in Example 1. After dryi^the-p-arti-c-l-e^ 
were dispersed in n-hexane to prepare a 0.5 g/cc dispersion 

(hereinafter C-2a) . 

When the total Te mole number/TOPO weight ratio was 0.6% 
or higher, or when the reaction temperature was higher than 350°C, 
25 the particles aggregated and could not be re-dispersed. 
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When the above-described procedures were repeated, except 
for changing the reaction conditions to 200°C and 40 minutes, 
a colloidal dispersion having an average particle size of 14 nm 
with a coefficient of size variation of 12% (hereinafter C-2b) . 
5 When the reaction conditions were changed to 230*C and 60 minutea, 
there was obtained a colloidal dispersion having an average 
particle size of 27 mu with a coefficient of size variation of 
23% (hereinafter C-2c) . 

It was confirmed by the same analyses as in Example 1 
10 that all the nanoparticles obtained above had TOPO adsorbed on 
_ the surface thereof. 

5 EXAMPLE 3 

SJ Preparation of CuInTe* nanoparticle colloid: 
J CuCl and an equimolar amount of InCl 3 were dissolved 

l|u in TOP to prepare a solution containing CuCl and InCl 3 in respective 
L concentrations of 5M (hereinafter CuIn-TOP) . In an inert gas 
5 atmosphere 100 g of TOPO was melted by heating to 150°C, and 
m 100 cc of CuIn-TOP and 100 cc of Te-TOP were added thereto while 
2 vigorously stirring. The liquid temperature was raised to 2S0°C, 
at which the reaction mixture was arrowed-to-react-for-about 
10 minutes (Te mole number/TOPO weight=0 . 1%) . The resulting 
nanoparticles had an average particle size of 12 nm, and the 
coefficient of size variation was 10%. The particles were purified 
in the same manner as in Example 1. After drying, the particles 
25 were dispersed in n-hexane to prepare a 0.5 g/cc dispersion 
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(hereinafter C-3a) . When the Te mole number/TOPO weight ratio 
was 1%, the particles aggregated and were not re-dispersed. 

When the above-described procedures were repeated, except 
for changing the reaction conditions to 200°C and 40 minutes, 
5 there wao obtained a colloidal diaperaion having an average 
particle size of 18 nm with a coefficient of size variation of 
14% (hereinafter C-3b) * When the reaction conditions were changed 
to 250*C and 60 minutes, a colloidal dispersion having an average 
particle size of 28 nm with a coefficient of size variation of 
10 25% (hereinafter C-3c) was obtained. 

« It was confirmed by the same analyses as in Example 1 

J5 that all the nanoparticles obtained above had TOPO adsorbed on 

the surface thereof. 
UJ EXAMPLE 4 

lSy Each of the dispersions Ola to -3c was applied by spin 

}=% coating to a polycarbonate disk having a diameter of 120 mm and 
a thickness of 0.6 mm to form a recording layer having a thickness 
Em of 100 nm. An amorphous fluorine-containing resin layer (Cytop, 
M= available fromAsahi Glass Co., Ltd,) was applied by spin coating 
20 to the recording layer to a thickness of 200 nm to prepare samples 
1 to 9. The recording layer/ a part of which was crystalline 
after film formation, was irradiated with laser light of 4 to 
10 mW to sufficiently crystallize to present an initialized state 
(unrecorded state) ♦ 
25 For comparison, samples 10 to 12 were prepared by forming 
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an Ag 2 Te, AglnTe, or CuInTe, recording layer whose composition 
waS equivalent to C-la to -lc, C-2a to -2c, and C-l to -3c, 
respectively by sputtering on the same polycarbonate substrate 
as used above, and coating the recording layer with the same 
5 amorphous fluorine-containing resin ac used above by spin coating 
to a thickness of 200 ma. The recording layers of samples 10 
to 12, which were amorphous, were initialized in the same manner 

as for samples 1 to 9. 

The recording characteristics of the samples were 
L0 evaluated as follows by use of an optical disk testing drive 
_ DDU10Q0, supplied by Pulstec Industrial Co., Ltd. Test signals 
S having a frequency of 4.35 MHz were recorded by irradiating the 
5 substrate side of the disk with a laser beam having a wavelength 
| of 405 nm by using an optical pickup having a numerical aperture 
lf^ (NA) of 0.6 at a linear velocity of 3.5 m/sec and a duty ratio 
^ of 33%. The recording power was stepwise increased by 1 mW up 
| to 12 mW. The recorded signals were reproduced to obtain the 
| output at which the degree of modulation reached the maximum. 
| The degree of modulation is a quotient obtained by dividing 
20 the amplitude of a recorded area By-the signal-intensity-of-a 
non-recorded area. The results obtained are shown in Table 1. 
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TABLE 1 





Recording Layer Colloid 


Minimum 
Output for 
Recording 


Recording Layer 


Average 
Particle Size 
(ran) 


V . L. . 

m 


1 


C-la 


Ag 2 Te 


8 


5 


3 


2 


C-lb 


15 


10 


5 


3 


C-lc 


30 


20 


8 


A 


C-2a 


AgInTe 2 


6 


7 


£. 


C 

O 


C-2b 






c 




C-2c 


21 


23 




7 


C-3a 


CUlnTej 


12 


10 


4 


e 


C-3b 


18 


14 


8 


9 


C-3c 


28 


25 


IS 


10 


sputtering 


Ag 2 Te 






8 


11 


sputtering 


AgInTe 2 






7 


12 


sputtering 


CuInTe 2 






10 



2j V.C.: Coefficient of size variation 

hj It is apparent from the results in Table 1 that the recording 

|L 5 layer formed by application of the nanoparticle colloid of the 

present invention can be recorded with a lower output, i*e., 
01 has higher sensitivity, than that formed by sputtering. 
5 EXAMPLE 5 

Samples 13 to 18 were prepared by building up the following 
10 layers on a 0,6 mm thick polycarbonate disk in the order listed. 
The recording layer was formed by applying each of the colloidal 
dispersions C-2a to -2c and C-3a to -3c by spin coating. The 
first dielectric layer, the second dielectric layer and the 
reflective layer were formed by sputtering. The UV-cured layer 
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was formed by spin-coating the reflective layer with a UV-curing 
resin and irradiating the coating film by UV light. 
Layer structure (material and thickness) : 

First dielectric layer (ZnS/Si0 2 =l/l; 80 nm) 

Recording layer (20 nm) 

Second dielectric layer (ZnS/SiOa=l/l; 20 nm) 
Reflective layer (aluminum; 160 nm) 
UV-cured layer (200 nm) 

For comparison, samples 19 and 20 were prepared in the 
same manner, except that the recording layer comprising AgInTe 2 
or CuInTe 2 was formed by sputtering. 

All the samples were sufficiently initialized with laser 

light . 

The recording characteristics of the samples were 
evaluated by use of the same testing drive as used in Example 
4. Test signals having a frequency of 4.35 MHz were recorded 
by irradiating the substrate side of the disk with a write laser 
beam having a wavelength of 405 nm by using an optical pickup 
(NA=0.6; the laser beam diameter on the disk surface: about l urn) 
at a linear veloci"€y _ of _ 3T5r^"/sec and-a-duty-ratto-of-3-3%-: The 
recorded signals were reproduced with a read beam having a power 
of 0.7 mW. The write laser power (P w ) at which the C/N ratio 
was saturated or reached the maximum, the optimum power for erasion 
(P E ) , and the erasability are shown in Table 2 below. 
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TABLE 2 



Sample 


Recording Layer 


Pw (mW) 


P E (mW) 


C/N 


Erasability 


13 


C-2a 


AgInTe 2 




3 


45 


39 


14 


C-2b 


9 


s 


43 


36 


15 


C-2c 


16 


9 


39 


33 


16 


C-3a 


CUlnTe 2 


10 


4 


43 


36 


17 


C-3b 


16 


10 


42 


35 


18 


C-3c 


30 


IS 


34 


30 


19 


sputtering 


AgInTe 2 


15 


9 


39 


35 


20 


sputtering 


CulnTe 2 


28 


16 


38 


33 



The results in Table 2 prove that all the tested samples 
according to the present invention need very small power in writing 
and reading and achieve a satisfactory C/N ratio and a satisfactory 
%j erasability* 

hi A one-beam overwrite test was conducted on the samples 

H 13, 14, 16 and 17, in which the recording medium was repeatedly 
1/ recorded at two alternating frequencies (f 1=4, 35 MHz; f 2=5.1 MHz) . 
ICtP After overwriting 1000 times, the C/N ratio and the erasability 
m were measured . The results obtained are shown in Table 3. 
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Sample 


Recording Layer 


C/N 
(dB) 


Erasability 

(-dB) 


13 


C-2a 


AgInTe2 


43 


38 


14 


C-2b 


42 


35 


16 


C-3a 


CuInTe 2 


42 


37 


17 


C-3b 


40 


33 
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It is seen that every sample tested keeps satisfactory 
levels of C/N ratio and erasability while showing somewhat 
reductions due to repeated overwriting- 

The present invention has accomplished high-density 
5 recording with short wavelength laser light of €00 nm or less 
that could not be effected without difficulty* The invention 
provides a rewritable optical recording medium having a recording 
layer comprising nanoparticles and thereby exhibiting extremely 
improved sensitivity. 
10 The entire disclosure of each and every foreign patent 

application from which the benefit of foreign priority has been 
Jf; claimed in the present application is incorporated herein by 
""^ reference, as if fully set forth herein. 

lfy 
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